female offspring. 8 We found earlier that women with mild or severe menstrual disorders were conceived more often at high maternal age and after short interpregnancy intervals. 12 In another study, daughters of older and younger mothers showed a somewhat decreased monthly probability of conception. 13 On the other hand, women with recurrent early pregnancy loss were not conceived clearly more often in high-risk situations for pre-ovulatory overripeness. 14 Other authors found evidence for reduced sperm quality in men born to mothers over the age of 40. 15 In the present study, we examined whether the fecundity of the daughter, defined as her ability to achieve undelayed pregnancies and carry these to the birth of healthy singletons, is related to the age of her mother at the time of her birth. To this end, we analysed the reproductive histories of 1907 women born during the late 19th to early 20th century in or around Rotterdam (The Netherlands). In view of emerging birth control practices in this population, our challenge was to sift, as much as possible, biological effects on fecundity from differences in reproductive behaviour.
Methods

Data
The data were collected in collaboration with the 'Historical Sample of the population of the Netherlands' (HSN), a Dutch foundation that is compiling a database containing data on a half per cent of Dutch natives born between 1812 and 1922. 16 Comparable databases can be found in Canada and Sweden. The principal sources of HSN data collection are the municipal vital registration data, which include birth-, marriage-, and death registries, the municipal population registries, and personal cards. An advantageous feature of the HSN is its ability to follow women irrespective of domestic migrations.
Daughters included in this study were born between 1873 and 1902 in Rotterdam or one of its neighbouring villages (Kralingen, Charlois, and Delfshaven, which were annexed by Rotterdam between 1886 and 1895). Daughters who never married or who married after age 44 were not included in the study. Since the follow-up process for each subject was very time-consuming we decided to actively select daughters born to mothers of low, intermediate, or advanced age, as restricted by the following limits: р20 years (risk category), 24-30 years (reference category), and у40 years (risk category), respectively. These groups were expected to provide sufficient contrast with respect to maternal age-associated risk of oocytal overripeness. Because daughters of young mothers were expected to be mostly firstborn and daughters of older mothers to be mostly second or later children, there was a possibility of poorly controllable confounding if birth rank turned out to be a determinant of one of the reproductive outcomes. Therefore, we restricted the sample to firstborns for daughters of younger mothers and their reference group, and to higher ranks for daughters of older mothers and their reference group.
All daughters were followed for as long as possible from their wedding until ultimately 49 years of age. Only the daughters' first marriages were considered. Principal reasons for end of follow-up (other than complete follow-up) were divorce, death of daughter, death of husband, and administrative loss. If necessary, daughters and their families were followed through the whole country of the Netherlands, unless source material was untraceable or destroyed. Data were collected on both liveborn and stillborn children.
Between the end of the 19th and the beginning of the 20th century, significant secular changes took place in fertility and infant mortality in the Netherlands. Infant mortality decreased from 21% in 1890 to 5% in 1930. 17 The mean number of children dropped from 7 for Dutch marriages contracted in 1890 to 4.5 for those contracted in 1916 (wife's age at wedding р25 years) (The Netherlands). 18 In Rotterdam, the percentage of childless marriages increased from 7% (marriages in 1890) to 13% (marriages in 1916). 19 Considerable differences in both fertility and infant mortality existed between groups with different religious denominations or socioeconomic status, or who inhabited different regions. [19] [20] [21] [22] [23] Generally, the fertility differentials between groups (such as the higher fertility among Roman Catholics and Calvinists) and over time (fertility in subsequent marriage cohorts declined) can be more plausibly ascribed to differences in birth control behaviour than to differences in fecundity. 19, 21 Therefore, in order to be able to control for these disturbing influences, we collected information on a number of probable determinants of birth control behaviour ('Covariables').
During the 19th century, the population of Rotterdam exhibited a remarkable growth (a near triplication between 1811 and 1879). This population increase was largely attributable to immigration, and natural growth played a significant role only at the end of the century. 24 Due to this development, genetic heterogeneity was high and the probability of genetic disease due to inbreeding relatively low.
Outcome measures
To measure fecundity, we defined a number of outcome measures referring to 'fecundability' or quality of the offspring. We defined childlessness as the absence of live-or stillbirths in daughters who were married before age 31 and whose marriage lasted until at least age 45. The interval between wedding and first pregnancy was calculated as (date of first birth-gestational length)-date of wedding (in days), where gestational length was assumed to be 266 days for live births and 252 days for stillbirths. Daughters with negative wedding-to-first-pregnancy intervals and daughters without any live-or stillborn children were excluded, as were daughters with wedding-to-firstpregnancy intervals that exceeded the duration of marriage. Interpregnancy intervals were calculated as the difference, in days, between two successive births (henceforth indicated by b 1 , being the first birth, and b 2 , being the second birth), minus a gestational length of 266 days if b 2 was a live birth, and 252 days if it was a stillbirth. Interpregnancy intervals partly or fully falling outside marriage were excluded from analysis. For all fecundability measures, we considered a multiple birth as one birth.
Stillbirths were defined as births that were filed in the death registry but not in the birth registry. In the Netherlands, stillborn children and liveborn children who died before notification were registered in the death registry only. 25 Neonatal death was defined as death within 30 days after birth in children registered in the birth registry. Children whose vital follow-up was incomplete for this period were excluded. Postneonatal death was defined as death within 365 days after birth for children who survived the first 30 days of life. Again, children whose followup was incomplete during this period were excluded. In cases of multiple birth, the most favourable vital outcome within the multiple birth was maintained. Multiple births were excluded when the follow-up of one of the children was insufficient to evaluate vital outcome and all others met the criteria for stillbirth, neonatal death, or postneonatal death. Multiple births were defined as births that occurred on the same day or at most one day apart. Finally, in studying gender, stillbirths (whose gender was not consistently registered) and multiple births were excluded.
Co-variables
A number of variables were included in order to control for any confounding effects of socioeconomic status, daughter's religion, and residence after wedding. These three dimensions were expected to be the most important socio-demographic determinants of birth control behaviour in this population. Religious denominations were classified into four groups: Dutch Reformed, Roman Catholic, Calvinist, and other (including Jewish and no denomination). Places of residence after wedding were divided into Rotterdam, Amsterdam, The Hague, and other. Socioeconomic status was approximated by the occupations of the daughter's father and husband and brought into the analysis as a four-class variable: service class (professionals and high civil servants, enterpreneurs, supervisors, heads of departments, merchants, self-employed other than shopkeepers, middle and lower white collar workers, factory owners), artisans (artisans, shopkeepers, manufacturers, market gardeners), (semi-)skilled workers, unskilled labourers (unskilled labourers, factory workers, rural labourers, fishermen).
Because a number of occupations involved working away from home for several days, which could have had an impact on coital frequency and thus on fecundability outcomes, we included an additional variable that indicated occupations with high and low risk of temporary spousal separation. Classification into the diverse categories of religious denomination, place of residence, and occupation was always based on the first religious denomination, etc., after the wedding. To allow for changing effects of these three variables over time, we included interaction terms with wedding year (when analysing childlessness and wedding-to-first-pregnancy interval), year of b 1 (when analysing pregnancy intervals), or year of index birth (when analysing all other outcome measures). Index birth was taken to mean the birth on the basis of which the outcome is determined.
Because interpregnancy intervals may be influenced by the presence and duration of breastfeeding, we included a variable indicating whether or not an interpregnancy interval started after a stillbirth or the birth of a child that died or left the family within one year. Year of b 1 or birth of index child was included as a variable in order to control for secular changes in reproductive outcomes. While, in this study, maternal age was the determinant of primary interest, the length of the birth interval preceding the daughter's birth, a possible determinant of preovulatory overripeness of the egg, was included as a potential confounder.
Other co-variables included in the multivariate analyses were daughter's age at wedding, b 1 or index child (5-year classes), year of wedding (10-year classes), short interval before index pregnancy (Ͻ6 months, у6 months), and birth rank of b 1 (1, 2-4, Ͼ4). In Table 1 , we have summarized, for each outcome measure, the variables that were evaluated as a potential confounder in the analysis.
Statistical methods
Some of the study outcomes were measured only once per daughter (childlessness and wedding-to-first-pregnancy interval), while others could be measured several times, dependent on the number of offspring. For this reason, different analytical strategies were followed. Odds ratios (OR) for childlessness were calculated by use of unconditional logistic regression. For the analysis of wedding-to-first-pregnancy interval, we categorized the number of months after wedding possibly needed to achieve a pregnancy (1-2, 3-6, 7-12, 13-24, Ͼ24 months) and created four dummies for these five periods (treating the first period as the reference period). We counted the number of daughters at risk of conception at the beginning of each period and the number of daughters conceiving within each period, MOTHER'S AGE AND DAUGHTER'S FECUNDITY 351 Occupational risk of spousal separation x x x separately for different maternal age groups. In a logistic regression analysis, we modelled the influence of maternal age on the daughter's risk of conceiving after wedding as follows: c/r = dum3_6 dum7_12 dum13_24 dum25 agemoth, where c = number of pregnancies within specific period, r = number at risk in specific period, dum3_6 … dum25 = dummies for four periods (1 = dealing with this period, 0 = else), and agemoth = categorical variable indicating mother's age. The overall OR of the risk group versus the reference group is then given by exp(b), where b is the regression coefficient of the co-variable risk given by SAS. A prerequisite for this analysis is constancy of the OR of the risk group versus the reference group in all five periods. For the evaluation of confounding, the numbers at risk and conceiving within each period were further subdivided by confounder level and co-variables for the confounders were included in the model. All remaining outcomes were measured potentially more than once per daughter, which caused observations to be statistically correlated. Therefore we used the generalized estimation equations approach (GEE), 26 a statistical method that is able to deal with correlated observations while allowing simultaneous control for both time-dependent and time-independent covariates. Using GEE, we calculated OR for stillbirth, neonatal death, postneonatal death, multiple birth, and male gender. Interpregnancy interval was analysed as a continuous variable after transformation of the distribution of interpregnancy intervals into a normal distribution by taking the square root of the logarithm of the interval.
For all outcomes, we evaluated confounding by adding one potential confounder at a time to the model. If the OR altered with 10% or more, we maintained the factor in the model, otherwise we excluded it. In the analysis of interpregnancy interval, we kept a potential confounder in the model if its addition made the difference between the risk group and the referent group more than 1.1 times or less than 0.9 times as large (while keeping all other present co-variables constant). We never kept the potential confounder in the model if, both before and after its addition, the absolute difference between the mean pregnancy interval lengths of the compared groups was less than 14 days.
Results
Descriptive statistics and distributions of co-variables
Total numbers of daughters of young and old mothers were 444 and 434, and of their respective comparison groups, 446, and 583 (Table 2 ). Median follow-up was nearly equal across the groups; short follow-up lengths (Ͻ2 years) were mostly due to divorce or husband's departure (45%) or husband's death (24%). Young mothers' daughters differed considerably from the comparison group with respect to age at wedding, year of birth and year of wedding. Also, fathers and husbands of young mother's daughters were more often from low socioeconomic classes. Old mothers' daughters were born in earlier years than their comparison group, less often after short birth intervals, and more often after very long birth intervals.
It should be noted that, in our study population, short and very long birth intervals preceding daughters' births are overrepresented relative to their distribution in the general population, because the population of the present study partly overlaps with that of another study in which we considered the influence preceding birth interval on daughters' fecundity. 27 In that study we oversampled short (Ͻ14 months), long (Ͼ38 months) and intermediate (21-32 months) birth intervals for reasons similar to those for oversampling young and advanced maternal ages in the present study (see Methods). This is not expected to have influenced the validity of the results of the present study because, in the multivariate analysis, preceding birth interval was controlled for.
Reproductive outcomes
The distribution of reproductive outcomes within the study groups is shown in Table 3 . As expected on the basis of the literature, the marital reproductive pattern is very dissimilar to that of natural fertility populations, the latter showing low childlessness rates and high numbers of births per marriage. 28 The proportions of childless marriages, prenuptial conceptions, and number of births are comparable, though, to those found in earlier studies in contemporary populations in Rotterdam and the Netherlands. 19, 21 Infant mortality ranged from 6.5% to 8.9% (not in Table) , which is comparable to data in the literature. 22, 25 There were no triple or higher order births in our sample, and the prevalence of (monozygotic plus dizygotic) twins was comparable to figures presented by others. 29 Finally, the commonly observed small preponderance of male to female births is also visible in our sample.
Multivariate analysis
In Table 4 , the results of the multivariate analyses are displayed. The risk of childlessness was elevated for old mothers' daughters (OR = 2.6, 95% CI : 1.1-7.4), but not for young mothers' daughters (OR = 0.9, 95% CI : 0.5-1.8), as compared to their respective control groups. Among the confounders maintained in the logistic model (for old mothers' daughters) was short birth interval before the daughter's birth. Without controlling for this variable, the OR for old mothers' daughters was less than half the adjusted OR. (No notable changes occurred after introducing long preceding interval into the model.)
Within the group of daughters with one or more pregnancies, no clear decrease in fecundability was observed in young mothers' daughters: the OR for failure to conceive after wedding was 1.1 (95% CI : 0.8-1.4), and the difference in interpregnancy intervals was -1% (meaning that the mean interpregnancy interval was 1% shorter in young mothers' daughters than in their comparison group) (95% CI : -12 to -12%). In old mothers' daughters, fecundability even seemed to be increased, with an OR for wedding-to-first-pregnancy interval of 0.8 (95% CI : 0.6-1.1) and a difference in interpregnancy interval of -12% (95% CI : -23%-1%). The OR for wedding-to-first-pregnancy interval did not change much after restriction to pregnancies occurring within 1 or within 2 years after the wedding. The risk of stillbirth in the daughter's offspring was increased in old mothers' daughters (OR = 2.5, 95% CI : 1.1-5.6), but not in young mothers' daughters (OR = 1.1, 95% CI : 0.6-2.0). Short, and to a lesser degree, long preceding birth intervals were confounders due to an increased risk of stillbirth for daughters born after short birth intervals (who were better represented within the comparison group for old mothers' daughters), and a decreased risk for daughters born after long birth intervals (who were better represented among old mothers' daughters). Both perinatal and infant mortality in the daughter's offspring were not affected by high or low maternal age at the daughter's birth. A doubled risk of multiple birth was observed for old mothers' daughters, although the 95% CI included 1 (OR = 2.1, 95% CI : 0.8-5.4); young mothers' daughters did not exhibit an increased risk. Finally, the risk of male offspring was not determined by high nor by low maternal age at the daughter's birth. a Marriage lasting at least from age 30 to age 45 (age of wife).
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b Daughters with at least one birth.
c Daughters with at least 2 births.
Discussion
In Western Europe, the average age at which women start giving birth is rising steadily, and now lies between 27 and 29 years. 30 In the Netherlands, the fertility rate of women between 40 and 44 years has almost doubled during the last 15 years. 30 The health effects of increased age at first birth have recently attracted the attention of epidemiologists and policy makers. 31 In the US, on the other hand, the serious health consequences of childbearing at the other end of the age spectrum are reason for concern: notwithstanding a decreasing trend since the early 1990s, still each year over 1 in every 20 US women between 15 and 19 years give birth to a child. 32 In the present study, we have addressed the question of whether daughters born at either extreme of the maternal reproductive span more often face reduced fecundity than daughters born at a less extreme maternal age. We were driven by the hypothesis that ovarian maldevelopment may arise in the conceptus as an effect of pre-ovulatory overripeness of the egg cell, a condition presumed to occur more often at low or high maternal age. 8 We found a positive association between high maternal age at daughter's birth and the risk of childlessness, stillbirth, and (possibly) twin birth, while no clear association was observed between any of the measured reproductive outcomes and low maternal age at daughter's birth. These findings suggest an adverse influence of high maternal age, but not of low maternal age, on the daughter's fecundity.
In an earlier study, we found that women with mild or severe menstrual cycle disorders were more often conceived by mothers of у40 years, but not more often by teenage mothers. 12 Menstrual cycle disorders often go with anovulation and low fecundability. 33 The increased occurrence of childlessness in old mothers' daughters but not among young mothers' daughters, as found in the present study, is in agreement with these earlier observations. However, the intervals between marriage and first pregnancy and between pregnancies suggested no decreased (but rather increased) fecundability in old mothers' daughters. The cause of this inconsistency is not clear, but it indicates that the effect of advanced maternal age on the daughter's fecundability is an 'all-or-nothing' phenomenon, with no intermediate forms involving moderate reductions of fecundability.
In the light of our hypothesis, a puzzling observation is the absence of any effects of young maternal age on the daughter's fecundability and quality of her offspring. One possible cause of this is an inadequate choice of the upper age limit in the definition of low maternal age as a high-risk category for preovulatory overripeness. We estimated the mean menarcheal age of the mothers of our study population to be 15 years, 34 and the duration of menstrual irregularities thereafter to be approximately 5 years. 35 However, as earlier menarche may be associated with faster achievement of cycle regularity 36 and earlier wedding and reproduction, 37 it is difficult to approximate the period of postmenarcheal menstrual irregularity by age only. In order to evaluate the sensitivity of the results to the choice of the age limits, we calculated adjusted OR with an upper limit of 18 instead of 20 years for low maternal age. This resulted in an OR of 1.8, (95% CI : 0.6-5.1) for childlessness; the risk of stillbirth, however, was not increased, nor were the values of the other outcomes. We also evaluated whether a higher age limit for high maternal age (42 years instead of 40 as the lower limit) led to more or further increased reproductive risks. This was not the case except for neonatal mortality, the OR of which increased to 1.6 (95% CI : 0.8-3.3).
We cannot exclude that some residual bias due to differential misclassification and uncontrolled confounding exists, because we were not able to control for all known (and unknown) potential confounders. This may be true in particular for the analysis of the effects of young maternal age, since this group showed greater socio-demographic differences with its comparison group than the advanced maternal age group.
Because our population exhibited signs of emerging birth control practice, we expected that differences in fecundability between the study groups would be more pronounced after restriction to daughters from earlier birth cohorts (who were expected to practise birth control less extensively). After confining the analysis to daughters born before 1888, we found that the risk of childlessness increased for old mothers' daughters (OR = 3.0), whereas the OR for young mothers' daughters went further down (to 0.5). However, the other fecundability measures did not change much after this restriction. The precise mechanism underlying our observations is unclear. Although the higher risk of childlessness and stillbirth in daughters born at advanced maternal age could be the effect of ovarian maldevelopment in the female conceptus due to preovulatory overripeness of the oocyte (the hypothesis which gave rise to this study), other mechanisms may be able to explain these findings even better.
First, post-(as opposed to pre-) ovulatory overripeness of the egg cell may also play a role in human reproductive failure 38 and it has been observed to cause similar effects on the development of the sex glands as does pre-ovulatory overripeness. 39 Therefore, it is likewise possible that post-ovulatory ageing also causes reduced fecundity in the offspring. The risk of postovulatory overripeness is thought to increase with decreasing coital frequency. 40 The number of coital acts per week varies widely between couples but is known to decrease with the spouses' (mainly the wife's) ages and the duration of marriage. 41, 42 Postovulatory overripeness as the underlying mechanism would also explain the absence of an elevated risk of childlessness and stillbirth in young mothers' daughters.
Second, familial forms of subfertility have been described 43 that can be attributable to shared genes, environment or constitution (e.g. body mass index). For subfecund mothers it will take longer to achieve or approximate a desired number of children, a situation that will increase their risk of birth after 40; the risk of their daughters being born to 40+ mothers will be equally increased. A similar mechanism may apply with respect to stillbirth for which familial forms have been described also. 44 Like post-ovulatory overripeness of the egg cell, these mechanisms would also explain the absence of reproductive problems in young mothers' daughters.
There are also two other hypotheses, in addition to pre-and postovulatory overripeness, that refer to the quality of the egg cell in explaining developmental (especially genetic/chromosomal) defects. The first one states that egg cell quality may progressively deteriorate, as a result of accumulation of damage as the woman gets older. 45 The second states that differences in egg cell quality already exist before birth, as a consequence of 'gradients' in the fetal ovary during the formation of egg cells. 46 During adulthood, high-quality egg cells would be selected first for maturation and ovulation. Consequently, as the woman gets older, only egg cells of progressively inferior quality would be left. 47 Both hypotheses would explain a (gradual) increase in the risk of ovarian dysfunction in the daughter as the mother gets older, that is, if the imperfections carried by the egg cells in older women are similar to those seen in pre-and post-ovulatorily overripe ova.
In conclusion, this study provides evidence for the existence of a relationship of a woman's fecundity with advanced, but not with low, maternal age at her birth. In view of the inconsistency of the results and the plausibility of alternative explanations, it would be premature to conclude that the initially proposed mechanism of ovarian pathology due to pre-ovulatory overripeness of the egg cell underlies the associations.
